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Tsunami Warning Improvement

Tomoaki Ozaki*, Toshihiko Nagaokg Tatsuo Kuwayama Kenji Nakata, Yohko IgarasHi, Masaaki Minamf, Toshihiro
Uend

1 Japan Meteorological Agency

After the devastating tsunami caused by the 2011 off the Pacific coast of Tohoku Earthquake (the great Tohoku earthquake), tf
Japan Meteorological Agency (JMA) prepared a tsunami warning improvement plan in March 2012 based on advices of tsunar
experts and relevant disaster management organs. JMA will start renewed tsunami warning operation in line with the plan fron
March 2013. Major improved points of renewed tsunami warning are as follows.

1) Measures to avoid underestimation of magnitude for huge earthquakes

JMA issued tsunami warning for the great Tohoku earthquake within three minutes with estimated maximum tsunami heights
of 6m or 3m based on underestimated magnitude of 7.9, which were much lower than the real tsunami heights. JMA uses JM/
magnitude (Mj) for tsunami warning, and M;j is, similar to Richter scale magnitude, calculated from maximum amplitude of short
period displacement seismic wave, and has the property to saturate around 8.0. And there is no established method to estim
reliable huge magnitude value of much larger than 8.0 within several minutes. To deal with this matter, JIMA will introduce
tools with which validity of Mj estimation can be evaluated before the initial tsunami warning issuance. If the possibility of
Mj saturation is detected with the tools, JIMA will issue tsunami warning by replacing the magnitude by the maximum possible
magnitude around the region close to the epicenter. In the oral session, these tools and maximum possible magnitude values v
be introduced.

2) Change of tsunami warning messages

In relation to the tsunami warning for the great Tohoku earthquake, it was pointed out that the underestimated tsunam
heights in numerical expression such as "3m” based on Mj7.9 might have led to the delay of evacuation. And the number o
tsunami height estimation levels divided into eight (0.5, 1, 2, 3, 4, 6, 8, 10m or more) was required to be reduced taking into
account realistic variety of responses to be taken in emergency. Considering these matters, in the renewed tsunami warnin
tsunami height estimation for such a huge event as described in 1) will be issued qualitatively, e.g., "huge”, aiming at conveying
impending danger. And the number of tsunami height estimation levels expressed in numerical value will be reduced to five (1
2,5, 10, over 10m).

3) More precise update of tsunami warning

For the great Tohoku earthquake, JMA could not calculate moment magnitude (Mw) within 15 minutes as with JMA's
normal operation, because of out-ranged large amplitude records observed with most of domestic broadband seismometers.
addition, cable-type sea-bottom pressure sensors’ data, which indicated large offshore sea level change about 15 minutes af
the quake, could not be applied to warning update because such procedure and relevant technique did not established at that tir
To deal with these issues, JMA is deploying broadband strong motion seismometers to acquire full scale of broadband seism
wave data and to obtain Mw robustly, and started the operation of utilizing sea-bottom pressure sensors’ data for warning upda
from March 2012. In addition, JMA deployed three buoy-type sea-bottom pressure sensors to detect tsunamis generated arou
Japan trench. Offshore observation results are planned to be reported in new information of "offshore tsunami observatiol
information”, together with existing GPS buoy data.

Along with the above mentioned tsunami warning improvement, JMA will promote education and awareness-raising activities
on tsunami evacuation such as letting people to know the importance of immediate evacuation on feeling strong, or week bt
long-lasting ground shaking.

Keywords: The 2011 off the Pacific coast of Tohoku Earthquake, Tsunami warning improvement
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Rapid magnitude determination from peak amplitudes for tsunami warning
Akio Katsumata*, Hiroshi UENCO', Shigeki Aokt, Yasuhiro Yoshid3, Sergio Barrientos

I'Meteorological Research Institute, IMMinistry of Education,Culture,Sports,Science & Technology in Japlanijversity of
Chile

Rapidly determining the magnitude soon after a great earthquake is necessary for issuing effective tsunami warnings, &
demonstrated in the great earthquake off Tohoku district in Japan on March 11, 2011. The earthquake magnitude for the firs
tsunami warning was underestimated due to magnitude saturation.

We present an empirical method to determine magnitude rapidly from peak velocity and displacement of long-period seismic
waves up to 100 seconds at local stations. When waveform data at local stations are available, the magnitude from S-wave pea
is expected to be determined faster than that from only P-wave peaks. Velocity/displacement records are obtained from stron
motion acceleration records with numerical integration. Processing with recursive digital filters makes it possible to observe
magnitude value change soon after the hypocenter determination.

It took about 140 second to estimate a magnitude of about 9 for the March 11, 2011, earthquake, which enables us to issue tl
first tsunami warning within three minutes after the same type of earthquakes. It was also possible to get a magnitude value «
8.8 for the 2010 Chile Maule earthquake within three minutes from the origin time.

Correction for epicentral distance is applied for the magnitude determination. Effect of the hypocenter location on magnitude
value was estimated for the events on March 11, 2001. Magnitude values were calculated with assumed hypocenter locatiol
within the source area, and the magnitude differences were no more than 0.1 in a large part of the source area. Focal mechani
also affects the observed peak amplitudes. Effect of focal mechanism is considered to be slight for local events, and it could b
considerable for the case of observing events near Kuril Islands on Japanese islands.

We used data obtained by Japan Meteorological Agency, University of Chile, and National Research Institute for Earth Scienc

and Disaster Prevention.

Keywords: rapid magnitude determination, peak amplitude, tsunami warning
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Development of the system for high-precision prediction of coastal tsunami wave heights

Yutaka HayasHi*, Hiroaki Tsushima, Kenji Maedd, YOKOTA, Takashi, Yoichi Murashim&, Yasuhiro MURATAZ, Toshim-
itsu ISHIWATA?

I'Meteorological Research Institutdokusai Kogyo Co. Ltd.

Meteorological Research Institute and Kokusai Kogyo Co. Ltd. developed the system for high-precision prediction of coastal
tsunami wave heights by September, 2012. The integrated software for a series of tsunami numerical analysis of tsunami pro
agation and inundation was installed in this Windows 7 workstation-based system. Some functions were realized together wit
general-purpose software. Then, the system provides interactive operating environments to support following routine processt
on tsunami numerical analysis.

1. Setting calculation regions and their nesting structure.

2. Setting the initial tsunami source by computing the crustal movement field from a fault model or a given sea-level distribu-
tion.

3. Preparing mesh data of bathymetry, elevation, coastal structures, and roughness parameters. This process includes dat
transformations and merging two sets of mesh data.

4. Setting parameters and options, for examples, a normal tide level, presence or absence of tsunami run-up and non-line
effects, items to be output, locations of observation points.

5. The generation of program sources and executable files; then performing calculation.

6. Analyzing calculation result by visualizing various physical values, such as distribution and time-series of sea-levels or
current velocity vectors, map of inundation area, moving images of them.

Basic data of bathymetry, elevation, coastal structures, and roughness parameters necessary to perform tsunami computing
along the Pacific coast facing Japan Trench or along the Pacific coast facing Nankai Trough were also prepared. This system h
potential to improve research efficiency of tsunami numerical analysis. We will present some utilization examples at the meeting

Keywords: integrated software, tsunami inundation computing, tsunami propagation computing, flow visualization
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Ocean bottom seismic and tsunami network along the Japan Trench (2)

Keniji Uehira*, Toshihiko Kanazawa Shin-ichi Noguchii, Katsuhiko Shionti, Takashi Kunudi, Shin Aoi', Shoji SekigucHi,
Takumi Matsumot®, Yoshimitsu Okadg Masanao ShinohataTomoaki Yamadé

I'National Research Institute for Earth Science and Disaster Prevetfarthquake Research Institute, University of Tokyo

Huge tsunami, which was generated by the 2011 off the Pacific Coast of Tohoku Earthquake of M9 subduction zone earthquak
attacked the coastal areas in the north-eastern Japan and gave severe casualties (about 20,000 people) and property damag
the areas. The present tsunami warning system, based on land seismic observation data, did not work effectively in the case
the M9 earthquake. It is strongly acknowledged that marine observation data is necessary to make tsunami height estimatic
more accurately. Therefore, new ocean bottom observation project has started in 2011 that advances the countermeasures age
earthquake and tsunami disaster related to subduction zone earthquake and outer rise earthquake around Japan Trench and k
Trench. A large scale ocean bottom cabled observation network is scheduled to be deployed around Japan Trench and Ku
Trench by 2015. Concepts of this network are: 1) Locate one station by each M7-7.5 class seismic source region (that is minimur
size tsunami generation earthquake). 2) Incorporate the land and sea networks in on observation network. The network consis
of about 150 ocean bottom observation stations. Ocean bottom fiber optic cables, about 5,700 km in total length, connect th
stations to land. Observation stations with tsunami meters and seismometers will be placed on the seafloor off Hokkaido, of
Tohoku and off Kanto, in a spacing of about 30 km almost in the direction of East-West (perpendicular to the trench axis) and in
a spacing of about 50 - 60 km almost in the direction of North-South (parallel to the trench axis).

This cable system is divided into 6 subsystems. Both ends of each cable subsystem will be landed, and electric power will b
fed from both sides. And also all data will be acquired from both sides in order to ensure operation in case of cable trouble. Ir
addition, the neighboring cables will be brought into the same landing station, and 6 subsystems are going to be finally connecte
into one big loop. By do this, the minimum data necessary for the warning which is acquired the whole cable subsystems can b
transmitted from one landing station of somewhere.

Two sets of JAE three component servo accelerometers, a Geospace Technologies three component velocity seismomete
and two Paroscientific quartz type depth sensors and a three-component quartz type accelerometers (frequency outputs) will
installed. Tsunami data and seismometer data will be digitized at sampling frequency of 10 Hz and 100 Hz, respectively, anc
will be added clock information at land stations. These digitized data will be transmitted to the data centers (main at NIED and
backup at ERI), JIMA (Japan Meteorological Agency), universities, and so on, using IP-VPN network.
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A development of GPS tsunami meter —-A data communications experiment using ETS.
VIll—-

Yukihiro Terada*, Naruyuki Imada, Shinichi Yamamot®, Gousei Hashimoty Teruyuki Katd, Minoru Hayashi

IKochi National College of TechnologyNational Institute of Information and Communications Technol8ggpan Aerospace
Exploration Agency,’Earthquake Research Institute, The University of ToRytitachi Zosen Corporation

On 11th March 2011, Tohoku-Oki earthquake tsunami clarified two problems to be solved about the function of GPS tsunam
meter. One is the technical development of the further offshore deployment of a GPS tsunami meter, and another is the avoidan
of a risk of locating the tsunami information base station in an earthquake disaster area. The result of having examined these tw
subjects is reported.

In the former investigation, the GPS-FIX solution is obtained by the performed appropriate troposphere compensation for the
100 km baseline RTK-GPS method. Moreover, the positioning methods without reference data, the point precise variance dete
tion method (PVD) and precise point positioning with ambiguity resolution method (PPP-AR), are effective tsunami observation
without distance limitation for offshore deployment. These are proved by continuous experiment from April 2012 using the GPS
tsunami meter at Muroto cape offshore.

In the latter investigation, communications satellite is useful for this subject. The data measured on GPS buoy is sent to th
satellite, and is transported to the area without the earthquake disaster. The subject in satellite communication is how keep tt
gain for electric wave intensity on the condition of the GPS buoy, which moves with the sea level displacement and restrict the
power supply. The communications satellite ETS-VIII (Kiku VIII) gives the solution which is proved by the experiment using
the Muroto GPS buoy at Oct. 2012.

This work was supported by JSPS KAKENHI Scientific Research (S) 212210007.

Keywords: GPS tsunami meter, ETS-VIII, PVD, PPP-AR
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Simulation of distant tsunami propagation with a loading deformation effect

Daisuke Inazti, Tatsuhiko Saitb
INational Research Institute for Earth Science and Disaster Prevention

Recent studies have revealed that observed leading waves of great tsunamis propagate slower by about 1% than those simule
by usual tsunami propagation models. We simply implement a seafloor deformation effect into a traditional long-wave model,

and show that trans-oceanic tsunami propagation is realistically simulated in terms of travel time and waveform as well, in case
of the 2010 Chilean and 2011 Tohoku tsunamis. The loading deformation rates of seafloor are about 2% of the tsunami heigh

for both the giant tsunamis.

Keywords: tsunami propagation, travel time, loading deformation
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Cause of travel-time difference between observed and synthetic waveforms of distan
tsunami

Satoshi Kusumotd, Kenji Sataké, Shingo Watada
LERI, the University of Tokyo

It has been reported that the observed tsunami waveforms from distant tsunami are delayed by several to a few tens of minut
from synthetic waveforms based on linear long-wave theory. Tsunami waveforms recorded on pressure gauges in deep oces
from the 2011 Tohoku-Oki earthquake and the 2010 Chilean earthquake. The cause of this delay may include the effect ¢
bathymetry data and parameters for numerical computation (e.g., Kusumoto et al., 2011) or the effects of elasticity of the eartf
compressibility of seawater and gravity potential change that are not included in the present numerical computation (e.g., Watac
et al., 2011). The contributions of these effects to travel-time delay of the observed tsunami waveforms are studied.

The travel-time delay increases as a function of travel time. Travel-time delay for the Tohoku-Oki earthquake monotonically
increases with travel time, and becomes near 15 minutes at travel time of 1200 minutes. Travel-time delay for the Chilean eartt
guake is almost zero up to travel time of 600 minutes, then rapidly increases with travel time, and reaches more than 10 minute
at travel time of 1200 minutes.

Three different kinds of bathymetry data, ETOPO5, ETOPO1 and GEBCO are examined. They all produce similar travel-time
differences, but the travel-time differences for ETOPOS5 are 1-3 minutes larger than the others.

The gravity and the earth’s radius are usually assumed as constant for present numerical computation. However, these shol
be treated as variables because the real earth is spheroid. When these are treated as variables that depend on only colatitt
travel-time difference hardly changes until travel time of 400 minutes, but decreases by 1-2 minutes over the travel time of 60(
minutes.

Phase velocity of the observed waveforms are measured, and normalized for a constant (4 km) deep ocean. The normaliz
phase velocity is compared with theoretical dispersion curves of linear gravity wave and of the PREM model, which includes the
effects of the elasticity of the earth, compressibility of seawater and gravity potential change. Phase velocity of the normalizec
observed waveforms is slower by more than 1 % than that of the linear gravity wave at a period range more than 2,000 second
and these match with the dispersion curve of PREM.

The main cause of the travel-time difference is thus inferred as wave dispersion of longer period due to the effect of elasticity
of the earth, compressibility of seawater and gravity potential change. Moreover, gravity and the earth’s radius should be treate
as variables when tsunami propagates for a long time in equatorial regions.

Finally, to include the effects of the above main causes, i.e., elasticity of the earth, compressibility of seawater and gravity
potential change, into the current simulation method, phase delay of the theoretical dispersion curves was applied to the simulat
waveforms. Comparison with the observed tsunami waveforms shows that the travel-time difference became less than 5 minut
for both earthquakes.

Keywords: tsunami propagation, travel-time differences, Deep-Ocean Assessment and Reporting of Tsunamis, the 2011 Tohok
Oki earthquake, 2010 Chilean earthquake
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Magnitude of the Western Canada Earthquake Tsunami of October 27,2012
Tokutaro Hatori*
I'Nnne

The major earthquake occurred on October 27,2012 near the Queen Charlotte Is., B.C., Canada (52.788N, 132.101W, 14k
depth, M7.7, USGS) .Moderate tsunami was widely observed in the Pacific zone (WC/ATWC, NOAA,JMA).The estimated
tsunami source lies along the west side of Moresby Is. ,extending 120km length. The maximum semi-amplitudes are 3-25cm i
B.C. Canada ,44cm at Crescent City,CA,43-79cm at Hawaii, 10-14cm in New Zealand and 10-24cn in Japan (large amplitude
Kuji,Ayukswa and Kagoshima-Nakanoshima). Judging from the attenuation of tsunami height with distance, tsunami magnitude
is determined to be m=1.5 that the grade is relatively small for earthquake magnitude. Amplitudes at Hawaii, Japan and Nev
Zealand were conspicuously large, suggesting the effective energy is projected toward the SW and E directions. It should b
considered for the seismic gaps in Cascade and Yakutat regions.

Keywords: Western Canada Earthquake, Earthquake Tsunami, Magnitude, October 27,2012
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Dispersive tsunami generated by the 2013 off the Santa Cruz Islands earthquake (M8.0)
Takayuki Miyosht*, Tatsuhiko Saitb, Daisuke Inazt, Sachiko Tanaka

INIED

On February 6, 2013, great earthquake (M8.0) occurred off the Santa Cruz Islands in Solomon Islands. We have simulated tt
tsunami generated by this earthquake using linear long wave theory and dispersive theory. The assumed tsunami source is loca
off the Santa Cruz Island (1003, 165.2E, depth 28.7 km). We assumed the following source parameters: striRedpa 7,
rake 6F, length 119km, width 59km, and slip 5.9 m based on the moment tensor solution by USGS and scaling laws.

Based on the two types of the numerical simulations and the comparison with the simulation results and the observed tsunar
data, we obtained the results as follows: (1) the difference between the simulation of long wave theory and dispersive theory i
appeared clearly in the direction of the minor axis of the tsunami source, (2) dispersive tsunami observed at DART station 5501
located in the southwest direction of the source, and (3) dispersive tsunami observed on the second tsunami phase at DAF
station 55023 located in the west-southwest direction of the source. Our results shows dispersion effects cannot be neglected
the modeling of the 2013 off the Santa Crus Islands tsunami.

Acknowledgements: We used the DART record provided by the NOAA in this study.

Keywords: the 2013 off the Santa Cruz Islands earthquake, tsunami, dispersive wave, simulation
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Analysis of Tsunami Generated by the 1994 East Java Tsunami Earthquake
Haris Sunendar, Yuichiro Tanioka, Aditya Gusmah
11SV-Hokkaido University

A tsunami earthquake (Mw?7.8) occurred off the south coast of Java Island, Indonesia on June, 1994. This earthquake generat
a large tsunami. Average tsunami height of around 4-6 meter along the south coast of East Java and maximum tsunami height
13 meter were measured by a field survey (Tsuji et al., 1995). Tsunami waveforms of this event were also recorded at two tid
gauges in Cilacap, Central Java and Banyuwangi, East Java.

To simulate the tsunami propagation and inundation, Geoclaw model is used. Bathymetry dataset used for the simulation i
assimilated from Indonesian Navy-chart, GEBCO 30 arc second, and topography data of Indonesian Geospatial Informatio
Agency base-map with scale of 1:25.000.

The propagation and inundation is simulated using source model estimated by seismic data analysis of a previous study (Bile
and Engdahl, 2006). The simulation results were compared with the measured tsunami heights, inundation extents, and tsuna
waveforms at the two stations. The seismic source model produced tsunami heights of only about 12% of the measurements. Tt
mean that source model from seismic data could not explained tsunami heights along the coast.

Therefore, we try to add an additional source model which can explain tsunami heights and tsunami waveforms data. Th
additional fault model is located near the trench in the shallowest segment of subduction zone. The estimated source mod
produced tsunami heights of about 70% of the measured data.

Keywords: East Java Tsunami, tsunami earthquake, tsunami waveforms, tsunami heights
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Analysis of the doublet outer-rise earthquake and tsunami in Off-Miyagi coast occurred
in 7 December 2012

Abdul Muhari*, Kentaro Imai, Anawat Suppasti Fumihiko Imamura
lnternational Research Institute of Disaster Science, Tohoku University

An earthquake with M7.3 occurred in Off-Miyagi coast, Japan in 7 December 2013. This earthquake was reviewed differently
from seismological point of view. The US Geological Survey (USGS, 2012), for instance, concluded this event as reverse faulting
in oceanic lithosphere. In contrary, the Geofon program (GFZ, 2012) and Aqua project (NIED, 2012) suggested the event a
the normal faulting in the subducted slab. Global moment tensor (Harvard, 2012), however, examined this event as double
earthquake consists of two different fault mechanisms as described by the previous sources. We carried out numerical analysis
determine the appropriate source and reconstruct the tsunami by verifying the simulated waves with the observed tsunami in
tide gauges and one GPS buoy (central Miyagi) in off-Miyagi coast. We conclude that tsunami were generated by two earthquake
where the reverse fault occurred much deeper than the normal faulting yield a lower through followed by high amplitude peak of
the first tsunami wave.

Keywords: normal fault, outer-rise earthquake, tsunami simulation
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Tsunami Vulnerability Assessment of the Southern Boso Peninsula

Gerasimos Voulgarig
LUniversity of Tsukuba, Spatial Information Science

The Southern Boso Peninsula has been affected by tsunamis during historic years and during the Holocene. This study &
tempted to assess the tsunami hazard in the southern Boso Peninsula city of Tateyama, and assess the vulnerability in two
Tateyamas districts of Aihama and Mera. By using GIS it was possible to establish an inundation scenario for Tateyama, as we
as to roughly approach some of its potential threat to the locals. Utilizing GIS and the Papathoma Tsunami Vulnerability Assess
ment model allowed for the vulnerability assessment of buildings in the scenario floodzone of Aihama and Mera. Applying a
building population estimation model in both the hazard assessment of Tateyama and the vulnerability assessment of Aihama a
Mera, allowed the estimation of the population distribution in dangerous zones and buildings in different vulnerability classes.
Results show that almost half of the buildings in Tateyama and more than half of its population would be affected by the tsunam
of the considered worst-case scenario. For the coast of Aihama and Mera, almost half of the buildings show high or very higt
vulnerability to tsunamis, with the population in these buildings distributed in similar fashion.

Keywords: Tsunami, Vulnerability, Boso Peninsula, GIS, PTVA Model, Tateyama
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]sunamis reflected from Hawaiian Islands and observed at south-west Pacific coast ¢
apan

Kuniaki Abe'*, Masami Okad4, Yutaka HayasHi
I Amigawara tsunami study roorfiMeteorological Research InstitutéMeteorological Research Institute

Formerly week decay of tsunamis obliquely invading to the Pacific coast of Japan was noticed and reflected wave from Hawai
ian Islands was suggested as one of the reasons. Therefore,we carried out wave analyses for 1952 Kamchatka,2006 Kuril a
2011 Tohoku-chiho tsunamis observed at Kushimoto tide station. The analyses consist of making diagrams of amplitude-time
period-time and calculating the spectra for 24-hour time histories. At the same time the same tsunami spectra observed at Midwze
Island and Hawaiian Island were calculated for the first 6 hours. Correlation coefficients were calculated for all the spectral com
ponents between Kushimoto and one of Hawaiian Islands in the 6 hour spectra. Time variations of the correlation were estimate
for every 3 hour from the initial arrival time of Kushimoto. Arrival times of the reflected waves from Hawaiian Islands were es-
timated from refraction and inverse refraction diagrams. As the results we concluded that amplitude increases and period chan
were found approximately corresponding to the predicted arrival times in the diagrams and increases of spectral correlation be
tween Kushimoto and tide stations in Midway, Hawaiian Island after the predicted arrival times. These facts strongly sugges
that the reflected waves from Hawaiian Islands arrived at Kushimoto tide station and the reflected waves consist of characterist
radiation of the reflectors.

Keywords: tsunami, reflected wave, Kushimoto, Hawaian Islands, spectra
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Field Survey of the Beppu Bay Tsunami accompanied by the 1596 Keicho Bungo Earth
guake

Yoshinobu Tsuji*, Yuya Matsuoka, Yuichi Namegay#, Kentaro Imat, Hiroyuki Iwase, Nobuhiko Hara, Fumihiko Imamura
I'Fukada Geolog. Inst?Sendai City MuseunvAIST, 4IRIDeS, Echo Co. Ltd.

The Keicho Bungo earthquake (M6.9) broke out on 4th September, 1596 in the sea area of Beppu Bay, Ooita Prefecture
north east Kyushu. This earthquake was accompanied with a large tsunami, and severe damage occurred on the coast of Bej
Bay. We conducted survey at four points where submergence limits were clearly recorded. The Chronicle of Saganoseki tow
mentions that at Saganoseki, Ooita city at present, the stone gate of Seki Shrine was collapsed due to the tsunami and the m
building was flooded above the floor. The master of the shrine testified that the location of the main building is not changed sinc:
the foundation of the shrine. The height of the ground was measured at 8.61 meter, and the floor surface is 2 meter higher abo
the ground, so it is estimated that sea water rose up to 10.6 meters above the mean sea level. In Funai 3 street in Oita city, whe
Ooita central post office stands at present, there was a temple called Doji-ji and several buildings were swept away due to th
tsunami. The ground height was measured at 3.53 meters, and the thickness of covered water was estimated 2 meters or mc
so the tsunami inundation height is estimated at 5.5 meters above MSL there. There was a shrine called Nagahama Shrine on 1
Ooita central police station, the 3rd street of Ootemachi square, and was carried to Kasuga Hill due to the

tsunami. The ground height is 3.13 meters, so tsunami inundation height is estimated at 5.1 meters above MSL. On the nor
coast of Beppu Bay, there is a shrine called Nata Hachiman Jinja in Kitsuki City. The Chronicle of Kitsuki city mentions that
all buildings and stone gates were swept away due to the tsunami in 1596. The ground height of the shrine was surveyed at 6
meters, and so the tsunami inundation height was 8.4 meters or more there. The present authors wish to express their thanks
JNES for its financial support.

Keywords: the 1596 Keicho Bungo Earthquake, Tsunami, Beppu Bay, tsunami inundation height, Oita
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Maps and speeds of Tsunami measured by obligue mono photogrammetry with vide
image in Asahi City,Chiba Prefecture

Mitsuo Harukawa*
IThe Group of Recording for Tsunami Damage of Asahi City in 2011

With captured pictures from video image, | made maps of tsunami waves and measured tsunami speeds by oblique mor

picture photogrammetry.

Eastern area, Tsunami were plane waves. 1st wave emerged as a dark blue rise, and after 45 seconds it turned into breaker.
wave emerged as a breaker, and after 10 minutes it reached Cape Gyobu. Strikes and speeds, 1st wave N40E 8.6-9.4m/s,
wave N44E 4.9m/s. 3rd wave had little water depth in front.

Western area, For 1st wave, 5 lines were drawn in every about 17 seconds, and for 3rd wave, 4 lines in every about 60 seconc
Tsunami speeds,1st wave 10-12m/s, 3rd wave 4-6m/s. The disorder of 1st wave lines in the west part may be due to halation
the Sun, but it needs further examination. 3rd wave had no water depth in front.

| used DVD made by Reflect Image Channel. Our group is going to issue the report this year.

Keywords: maps of tsunami, tsunami speed, photogrammetry, video image, Asahi City, lioka
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High resolution tsunami inundation simulation using an unstructured mesh finite volume
method and the K computer

Yusuke Oishi*, Stephen G RobersFumihiko Imamurd, Daisuke SugawafaToshitaka Babf Michael Lit
LFujitsu Laboratories of EuropéAustralian National University IRIDeS, Tohoku University: JAMSTEC

Simulations play an important role in tsunami hazard mitigation. For example, tsunami hazard maps are based on tsunan
inundation simulations. In such simulations, a Leap-Frog finite difference method is usually applied to the shallow water equa-
tions and meshes with different resolutions are nested to have high resolution in the coastal region and lower resolution in the o
shore region that covers the tsunami source region. The mesh resolutions are usually increased stepwise by keeping the ratio
the resolutions of the connected meshes at one third. Such simulations are usually performed on a relatively small computatic
system such as a workstation.

This study looks at future trends and discusses how high-speed computers can improve tsunami simulation technologies. F
example, high-speed computers may make it possible to conduct tsunami inundation simulation much faster than real-time. Re
cently research on the instant analysis of high-resolution tsunami source distribution are being advanced, which use off-shol
tsunami observations based on ocean bottom pressure gauges and GPS buoys. When almost-instant tsunami source data is us
the high-speed tsunami inundation simulations, accurate information on the inundated district can be obtained before the arriv:
of tsunamis. Another benefit of high-speed computation is that higher-resolution simulations can be conducted in a practica
time scale. By applying a higher resolution at the coastline in a wider area, it becomes possible to accurately evaluate the wave
that are reflected at the coastline and attack the coastline repeatedly, as observed in the 2011 Tohoku tsunami. Furthermore,
high-resolution simulations with high-resolution topography data (e.g., 2 - 5 km mesh spacing) provides accurate evaluations o
urban inundation processes.

To efficiently conduct such high-speed and high-accuracy simulations using high-speed computers, an unstructured-mesh |
nite volume method is employed. We use the ANUGA software developed by the Australian National University and Geoscience
Australia. In conventional tsunami simulations, the nested meshes basically have a rectangular shape. Therefore, deep ocean
does not need high resolution may be covered with a high-resolution mesh causing an unnecessary limitation on the time-ste
And locations which are high above sea-level and never reached by the tsunami may be covered with a high-resolution mes
causing unnecessary calculations. Unstructured meshes can avoid such inefficiency by flexibly changing the mesh resolutic
depending on the topography. In addition, it is sometimes pointed out that artificial reflection may occur at the boundaries of
higher and lower resolution nested meshes. Such problem can be avoided by using unstructured mesh that can change the m
resolution more gradually.

In this presentation, we will explain the details of our tsunami model and the simulation results of the 2011 Tohoku tsunami.
These results will be compared to the results from a conventional tsunami model based on the Leap-Frog finite difference methos
These are followed by a report on the parallel computation performance on the K computer.
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Electric field variations induced by the tsunamis of the 2011 Tohoku-oki earthquake

Hiroshi Ichihard*, Yozo Hamanb, Takafumi Kasay&, Kiyoshi Bab&
1Japan Agency for Marine-Earth Science and Technolfiggrthquake Research Institute, University of Tokyo

An ocean-bottom electromagnetometer (OBEM) emplaced 20 km west of the Japan Trench, 39.1 degrees north recorded i
electric field variations around the March 11, 2011 Tohoku earthquake (M9.0). Two phases of the electrical field variation were
recognized: 1) a large variation (8mV/km) between 14:47 and 14:51 in NNW direction and 2) a small variation (2mV/km)
between 14:48 and 15:00 in ESE direction. These variations were possibly the first example of tsunami induced electric fielc
variation because a former study that observed the tsunami-induced magnetic signal at the 50 km east of the trench did not recc
electric field due to instrumental problem (Ichihara et al., in rev). On the assumption that the electric signal are caused by tsunam
the variation 1) and 2) indicates short period wave (wave height: 5.0m) from ESE and long period wave (wave height: 1.4m) from
SSW, respectively. The possible tsunami 1) is consistent to the impulsive wave from the narrow source along the trench in 3
degrees north (Fujii and Satake, 2013; Ichihara et al., in rev). The possible tsunami 2) is also consist to the long period tsunan
by the wide source around 38 degrees north (e.g. Fujii and Satake, 2013).

Keywords: OBEM, tsunami, 2011 Tohoku-oki earthquake
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Uncertainties of tsunami wave height in the tsunami simulation due to dynamic fault
rupture effects

Yo Fukutani*, Anawat Suppastij Fumihiko Imamura
Hnternational research institute of disaster science, Tohoku University

In 2011, the Great East Japan Earthquake generated tsunami that exceeded their expectations and caused massive dama
the Northeast coast of Japan. One of the methods to avoid such unexpected event is to understand cyclopaedically the uncertain
of tsunami wave height as an output of a tsunami simulation. There are two categories of fault parameters in a tsunami simulatior
static parameters and dynamic parameters. Static parameters are such as dip, slip, strike angle. Dynamic parameters are riset
and rupture velocity. So far, uncertainties of tsunami wave height due to static parameters has been studying by many previot
studies. However, the effect of dynamic parameters are still unclear. In this study, we focused on the dynamic parameters. W
guantitatively assessed how dynamic parameters in the tsunami simulation effect on tsunami height. In case of such a gre
earthquake in 2011 Great East Japan Earthquake, it seemed that the effect of dynamic parameters on uncertainties of tsune
wave height is not negligible.

Firstly, five unit faults were set. Risetime was given and generated for 100 cases using monte-carlo simulation based o
probabilistic distribution (log normal distribution) gatherd from past seismic data. The generated risetime applied to each smal
faults and tsunami simulation was perfomed. Tsunami wave height data was collected at 12 fixed virtual observation points an
calculated the variability (standard deviation) from median value of tsunami wave heights. Rupture velocity was also generatet
for 100 cases using monte-carlo simulation. Rupture starting point applied to each unit fault (5 cases). In a way that rupture
spread radially, tsunami simulation was performed. Tsunami wave height data was collected at the same 12 fixed points ar
calculated the variability from median value of tsunami wave heights.

Throughout the statistical analysis of the above simulation cases, we found that the effect of risetime and rupture velocity
on uncertainties of tsunami wave height is not negligible compared with the effect of static parameters. Standard deviation o
tsunami wave heights due to risetime and rupture velocity is about 0.01-0.14 and 0.001-0.01 respectively. In the future, we wil
also investigate the standard deviation change depending on strike angle and distance from fault center.

These results are supposed to be taken into account in the probabilistic tsunami hazard analysis (PTHA) as the aleatol
uncertainty. the PTHA might be improved for the future work.

Keywords: tsunami hazard assessment, probabilistic approach, rupture velocity
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Numerical simulation of tsunami in Suruga Bay by debris avalanche of Mt. Fuji
Kenji Haradd*, Masato Koyama
I'Shizuoka University, Center for Integrated Research and Education of Natural Hazards

After the 2011 Tohoku tsunami, the risk of the tsunami with mega-earthquake along the Nankai trough is examined. After
a mega-earthquake occurs, it is said that volcanic activity becomes active near the plate boundary. The tsunami by a debr
avalanche can be considered as influence of volcanic activity and mega-earthquake. When considering the disaster measure:
the local area, it is necessary to also consider the danger of the tsunami by a debris avalanche.

In this study, the numerical simulation of tsunami is conducted by debris avalanche from Mt. Fuji. The inflow of debris
avalanche is set around Port of Tagonoura and Kano River. The inflow length of debris avalanche is set 3.6 and 7.2km alon
shoreline. The total volume of debris avalanche is set 0.1 and 1.0 km3. The tsunami height in Suruga Bay is calculated base
on these settings of debris avalanche. From the results of simulation, tsunami by debris avalanche is spread and goes toward |
outside of Suruga Bay. This feature is the effect by Suruga trough with 2,500m depth. And the tsunami height becomes higt
3m more over in Yaizu and Omaezaki. A shoal is located in the offing in Yaizu or Omaezaki and it is affected to propagation
of tsunami. On the Izu Peninsula west side, it did not become high tsunami. There is no shoal in the bottom topography of Izt
Peninsula of the Suruga Bay. It is thought that tsunami near Izu Peninsula was spread out of Suruga Bay.

Keywords: Tsunami simulation, debris avalanche, Suruga Bay, Mt. Fuji
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Forward calculation of the electromagnetic field induced by tsunamis, using non-uniform
thin-sheet approximation.

Issei Kawashim&t, Hiroaki TOH?, Kenji Sataké

ISolar-Planetary Electromagnetism Labratory, Department of Geophysics, Graduate School of Sciémmakinalysis Cen-
ter for Geomagnetism and Space Magnetism, Graduate School of Science, Kyoto Ulieeitsquake Research Institute, Uni-
versity of Tokyo

A seafloor geomagnetic observatory in the northwest Pacific detected clear electromagnetic (EM) variations associated wit
tsunami passage from two earthquakes that occurred along the Kuril Trench (Toh et al., 2011). Previous seismological analyst
indicated that the M8.3 earthquake on 15 November 2006 was an underthrust type on the landward slope of the trench, while tt
M8.1 earthquake on 13 January 2007 was a normal fault type on the seaward side (Ammon et al., 2008).

We tried to simulate the frequency dependence of the observed EM signals, using a three-dimensional (3-D) non-uniforn
thin-sheet approximation, which can accommodate not only the inducing non-uniform source fields caused by particle motion:
of conducting seawater at the time of tsunami passage but also the self-induction effect within the ocean and its conductive sul
strata. Horizontal particle motions were calculated by Fujii and Satake (2008) with two types of hydrodynamic approximation,
viz., the Boussinesq approximation and the long-wave approximation. Because the dispersion effect of each tsunami was mo
remarkable in the 2007 event, the observed EM variations were expected to be more compatible with the simulated EM signal
using the Boussinesq approximation than the long-wave approximation.

As a result of the frequency analysis of the observed EM variations at the time of the 2006 event, the frequency of 1.04mH:z
is most dominant, which is consistent with the result of the frequency analysis of the simulated horizontal particle motions. Also,
We confirmed that synthetic plane waves in a flat ocean induced ?-harmonic EM variations. The calculated EM amplitudes for the
2006 event at a period of 960s using the Boussinesq approximation were smaller than those with the long-wave approximatior
This can be interpreted as reflecting the dispersive effect.

In this presentation, we will further discuss the advantages and disadvantages of conducting the simulation in the frequenc
domain for tsunami EM signals and describe the necessity to use the Boussinesq approximation in order to elucidate the observ
EM signals at the time of the dispersive tsunami. Furthermore, we will discuss to what extent we can neglect the presence c
the horizontal components of the geomagnetic main field in evaluating the source dynamo currents. Also, we will emphasize
the usability and importance of the EM observation on the seafloor for tsunami forecast in comparison with the conventional
tsunami-height measurements at sea and/or the geomagnetic observations on land.

References
Dawson, T. W., and J. T. Weaver (1979), Three-dimensional lectromagnetic induction in a non-uniform thin sheet at the
surface of a uniformly conducting Earth, Geophys. J.R. Astron. Soc., 59, 445-462.

Fujii, Y. and K. Satake (2008), Tsunami sources of the November 2006 and January 2007 great Kuril earthquakes, Bull
Seismol. Soc. Am., 98, 1559-1571, doi:10.1785/0120070221.

McKirdy, D. M. A., J. T. Weaver, and T. W. Dawson (1985), Induction in a thin sheet of variable conductance at the surface of
a stratified Earth-1l. Three-dimensional theory, Geophys. J.R. Astron. Soc., 80, 177-194.

Sanford, T. B. (1971), Motionally induced electric and magnetic fields in the sea, J. Geophys. Res., 76, 3476-3492, doi:10.1029

Toh, H., K. Satake, Y. Hamano, Y. Fujii, and T. Goto (2011), Tsunami signals from the 2006 and 2007 Kuril earthquakes
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Development of Ku-band broad band radar for tsunami monitoring
Satoru Yoshids', Tomoo Ushid, Zen Kawasaki
LGraduate School of Engineering, Osaka University

We began to develop tsunami monitoring radars based on the idea of Ku-band broadband radars, which estimate precipitatic
with quite high range resolution. The final goal of the tsunami monitoring radars is to estimate the arrival time of tsunamis and
wave heights of them. The basic idea of the tsunami monitoring radars is quite similar to the Ku-band broadband radar; cente
frequency, frequency band, and range resolution, respectively, are 15.75 GHz, 80MHz, and 5m. Last year we had an observati

campaign with a prototype tsunami monitoring radar in Tanabe Bay, Wakayama prefecture, to test our method. We confirmet
that the radar detected caps of sea waves and there was a linear relationship between radar reflectivity and the wave heights.

Keywords: tsunami, remote sensing, microwave
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Application of numerical forecast model of storm surge to tidal correction for tsunami
survey

Akira Yamazaki*, MOTOYAMA, Tatsuy&, HIRAMATSU, Hideyuki

ISeismological and Volcanological Department, Japan Meteorological AgéGtybal Environment and Marin Department,
Japan Meteorological Agency

In order to measure tsunami inundation height, a watermark which remained at building or tree is used. The inundation height i
measured as a height from nearby sea surface or as an altitude from nearby altitude reference point. Since the tide level is alwa
changed, tidal correction is necessary for accurate measurement of the tsunami height. In case of measurement as the height fr
sea surface, two tide levels, at the time of measured the height and the time of reached maximum tsunami wave, are necess:
for tidal correction. In case of measurement as the altitude, the tide level, at the time of reached maximum tsunami wave, i
necessary. Usually tidal correction is done by using the observed data at nearest tide gauge station or computed astronomi
tide. However, since the tide level is changed by atmospheric pressures and winds, they become error factors for tidal correctio

A numerical forecast model of storm surge has been developed by Japan Meteorological Agency since 1998 for forecast stor
surge by typhoon mainly. Generally tide level consists of two factors, one is astronomical tide and the other is tide level departur
caused by atmospheric conditions and ocean current. In the computing procedure of the forecast model, the tide level departu
is computed at first, and then computed astronomical tide will be added to the obtained tide level departure. Today the numeric:
forecast data, called storm surge guidance data, is forecasting the tide level at all along Japanese coastline spacing one km g
and is used for the storm surge alarming system.

The storm surge hind-cast data, which is initial model of forecasting storm surge, has an advantage over the astronomical tid
because it is including effect of the tide level departure. And one more advantage is that it can offer high density data which is
one km spacing of tide level. Therefore, the storm surge hind-cast data may be able to use for tidal correction of tsunami surve)

In this study, we researched about whether the storm surge hind-cast data is able to use for tidal correction or not. We checke
the accuracy of the storm surge hind-cast data by comparing observed tide level at 69 tide gauge stations, which are operated
Japan Meteorological Agency, in the period of November 2012. As the result, it is found that in almost all cases the storm surge
hind-cast data is able to use for the tidal correction for tsunami survey.

Keywords: tsunami, tidal correction, tide gauge station, storm surge, watermark of tsunami
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Tsunami early prediction using DONET: tsunami amplification factor and area mapping
of sudden pressure decrease

Toshitaka Babk, Narumi Takahashj Takane Horl, Yoshiyuki Kaneda
1Japan Agency for Marine-Earth Science and Technology

We investigated correlation between coastal and offshore tsunami height for our observational array of ocean-bottom pressu
gauges, DONET, in the Nankai trough. Many tsunami calculations were conducted to make correlation diagrams between coast
tsunami height and ocean bottom pressure change. We at first created slip models for the calculations. The slip models we
constrained on the plate interface because we focus on near-field great subduction zone earthquakes in this study those likely ca
tremendous tsunami disasters. It was found that the tsunami amplification factor of 0.067m/hPa between DONET and Owase tic
station, and the standard deviation error from the predicted tsunami height is 0.9m. By the aspect of tsunami amplification factot
we would be able to estimate tsunami height at the coast within roughly 10-15 minutes after earthquake occurrence from th
ocean-bottom pressure gauge array.

But unfortunately, it seems to be difficult to predict tsunami accurately within several minutes after the earthquake from the
method of tsunami amplification factor. We are also considering another approach to predict it earlier. At the seafloor above
the upper edge of fault, ocean bottom pressure indeed suddenly decreases after the earthquake. If we know extent of the regi
where sudden pressure change occurred after the earthquake, which is consistent with the fault dimension. We finally empha:s
that ocean-bottom pressure array should be deployed to cover the whole source region so that tsunami could be predicted wi
high-accuracy less than several minutes.

Keywords: Tsunami early prediction, DONET
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Development of the synthetic waveform database for tsunami forecasting system base
on offshore data assimilation

Yutaka HayasHi, Kenji Maedd, Hiroaki Tsushima, Hitoshi TakeucH, Yoichi Murashima, 1zuru Nomurd
I'Meteorological Research Institutdokusai Kogyo Co. Ltd.

Meteorological Research Institute (MRI) and Kokusai Kogyo Co. Ltd. produced the synthetic tsunami waveform database
for tsunami forecasting system based on offshore tsunami data assimilation by July, 2012. Database is intended to be utilize
as a dataset of Green’s functions for the prototype system of "tsunami forecasting based on inversion for initial sea-surfac
height” (tFISH; Tsushima et al., 2009) developed by MRI and NEC Corporation by 2012. The database system contains of the
main database, sub-databases, and data viewer software. Main database is an assembly of synthetic tsunami waveforms at ¢
output point computed by using linear long-wave equation corresponding to each unit tsunami source. Two quake-prone area
along Japan Trench and along Nankai Trough, are targets of the database system. Shapes of unit tsunami sources were defi
by two-dimensional Gauss distribution function with a scale parameter of sigma = 10, 20, or 40km. Total 3345 unit tsunami
sources were arranged at regular intervals in two target areas. Total 664 output points near both target areas were selected fr
the location of offshore observatories and forecast points, which were virtual offshore observatory used for tsunami forecasting
In addition, sea-level data at grid points arranged at regular intervals were saved, so that synthetic tsunami waveforms at ar
location, where sensors are installed in a future, can be generated by interpolation. Total number of jobs to compute all synthet
tsunami waveforms was 46712. In order to check these enormous computing results, automatic quality control subroutines wel
developed and added in. Sub-databases will be prepared by extracting from the main database, so that they are consisten
parameters engaged in inversion process of the tFISH system. In addition, data viewer software was developed for convenienc
of checking by visualizing these computing results.

Keywords: offshore tsunami data assimilation, synthetic tsunami waveform database, tsunami forecasting
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Development of Tsunami Forecasting system based on offshore tsunami data assimil;
tion

Hiroaki Tsushimé&*, Yutaka HayasHi, Kenji Maedd, Takashi Yokot4, Hirotaka Kawakan#i, Satoshi Hiratd, Kenji Yoshimurg,
Kiyotaka Endd, Yosuke Kid&

IMeteorological Research InstitufEC Corporation

Meteorological Research Institute (MRI) and NEC Corporation developed a prototype system for real-time prediction of near-
field tsunamis using offshore tsunami data in the first half of 2012. The main part of the system is based on the tFISH algorithm
in which offshore tsunami waveform observations are inverted for spatial distribution of initial sea-surface displacement as &
tsunami source model and then tsunami waveforms at an offshore point near a coastal site (a reference point, hereafter) are s
thesized by linear superposition of the pre-computed tsunami Green'’s functions using the estimated source model (Tsushima
al., 2009). The predicted tsunami heights at the reference points are amplified to obtain those at coastal sites using the ampilific
tion factors derived from actual tsunami observations empirically (Hayashi 2010). Because the whole system is designed smartl
the single calculation including the low-pass filtering and the preparations for the real-time inversion can be accomplished withir
a few minutes. Once seismic magnitude fed into the system exceeds the pre-defined threshold, the forecasting calculation sta
automatically and is carried out repeatedly at short intervals by renewing the offshore tsunami waveform data. The figures of thi
forecasting results such as the inverted source model and the predicted tsunami waveforms are also produced automatically an
user can view them with a Web browser. Also in real time the spatio-temporal tsunami wave-field data resulted from the estimate
tsunami source model can be calculated. This software is installed on a hardware that is well designed for the operation of th
software. The hardware includes servers for real-time analyses as well as large amounts of storage for the database of tsune
Green'’s functions that Kokusai Kogyo Co. Ltd. constructed. The examples of the application of the system will be presented a
the meeting.

Keywords: Real-time tsunami forecasting, offshore tsunami data assimilation
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Pre-calculated tsunami inundations for site-specific tsunami early warning
Aditya Gusma#*, Yuichiro Taniokd, Breanyn T. Maclnné’s Hamzah Latiet

Hnstitute of Seismology and Volcanology, Hokkaido Universitidepartment of Geology, Central Washington University,
3Department of Oceanography, Bandung Institute of Technology

During the 2011 Tohoku tsunami, within only 3 minutes after the earthquake, the JMA issued three types of messages fo
coastal areas in Japan, which are tsunami advisory, tsunami warning, and major tsunami warning. These advisory and warnir
messages are visualized as color-coded lines along the Japanese coastlines on a small-scale map and broadcast on televi:
These messages save many lives but unfortunately, in the case of 2011 Tohoku, are not enough to convince all people to imme
ately evacuate. We argue that large-scale maps of predicted tsunami inundation area and height could better illustrate impendi
tsunami dangers and convince more victims to evacuate immediately.

To produce maps of predicted tsunami inundation, accurate information about tsunami source and pre-calculated tsunami it
undation are required. In this study we focus on the pre-calculated tsunami inundation aspect. We are building a database
pre-calculated tsunami inundation and developing a method to extract the appropriate scenario from the database for tsunal
warning purpose. We have simulated tsunami inundations using a high-resolution bathymetry dataset (1 arc-sec) in Kushirc
Hokkaido from 304 thrust earthquake scenarios in the subduction zone offshore of Hokkaido. The simulated maximum tsunarr
inundations in Kushiro and tsunami waveforms at 45 observation points within 12 km from the shoreline are stored in a database

For a test case study, we simulated tsunami inundations in Kushiro from a hypothetical great earthquake offshore Hokkaid
using the high-resolution bathymetry dataset to get a reference for validation. The tsunami waveforms at the observation point
can be simulated using linear shallow-water equations on a lower resolution grid system to reduce the simulation time. Tsunan
waveforms at the observation points from the scenarios in the database can be searched to find ones that best resemble those f
the hypothetical event by using RMS analysis with shifting of waveforms by an optimal time shift. Then the simulated tsunami
inundation of the corresponding scenario is chosen as the predicted tsunami inundation. When compared with the tsunami inu
dation of the hypothetical event, the predicted tsunami inundation has Aida number K that is within the threshold of +/- 0.4. To
complete the linear tsunami simulation and searching process, it requires less than 3 minutes with a regular laptop computer. \/
found that the method worked well enough to forecast the tsunami inundation area in Kushiro.

Keywords: Pre-calculated tsunami inundation, tsunami early warning, tsunami waveform
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Slip distribution and Coulomb stress change of the largest foreshock (Mw 7.3) of the 2011
Tohoku earthquake

Aditya Gusman*, Yuichiro Tanioka, Shin’ichi Sakat
!nstitute of Seismology and Volcanology, Hokkaido Universifgarthquake Research Institute, University of Tokyo

The largest foreshock of the 2011 Tohoku earthquake occurred off the coast of Miyagi at 02:45:12 on 9 March 2011 UTC. The
epicenters of the largest foreshock (143.28 E and 38.328 N) and the mainshock of the 2011 Tohoku earthquake (Mw 9.0) ar
separated by approximately 45 km. The tsunami waveforms generated by the largest foreshock were recorded by pressure gas
(TM1 and TM2) and GPS buoys (GPSB802, GPSB803, and GPSB804) deployed off the coast of Miyagi. We apply tsunami
waveform inversion method and include a spatial smoothness constraint to estimate slip distribution of the largest foreshock
Earthquake parameters of strike = 192, dip = 14, and rake = 81 (USGS W phase centroid moment tensor solution) are used
this study. Then we predict the Coulomb stress change from the slip distribution and evaluate how the largest foreshock led t
the rupture of the great 2011 Tohoku earthquake.

The inferred slip distribution has a major slip region with dimension of 45 km x 45 km which is located on the down-dip side
of the hypocenter. The slip amounts on the major slip region range from 0.6 to 1.5 m. The major slip region is centered at a dept
of approximately 19 km. The center of the major slip region is located near the centroid for this event that was determined by
the USGS. By assuming the rigidity of 4 x 10710 N m™-2, the seismic moment calculated from the slip distribution is 1.2 x 10°20
N m which is equivalent to Mw 7.3. The slip distribution indicates that the largest foreshock did not rupture the plate interface
where the rupture of the mainshock was initiated. From the slip distribution, we calculated the Coulomb stress change on thrus
faults with the same geometry as the largest foreshock. Friction coefficient of 0.4 and rigidity of 4 x 10°10 N m"-2 are assumed.
The calculation shows that the Coulomb stress increased by 1.6-4.5 bars within a 4 km radius of the hypocenter of the mainshoc
(depth = 23.7 km). This indicates that the 2011 Tohoku earthquake was brought closer to failure by the largest foreshock.

Keywords: Foreshock, the 2011 Tohoku earthquake, slip distribution, Coulomb stress change, tsunami waveform
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Statistical investigation on tsunami occurred in Japan
Ryuichi Yoshioka, Ritsuko S. Matsu’urj YAMAMOTO, Watalu', Yuki Kosaka*, SUZUKI, Kazuyukt
IThe University of Electro-Communicatior¥ssociation for the Development of Earthquake Predicton

The Great East Japan Earthquake has branded lessons that it is important to predict the risks of tsunami in advance, and it
also important to take necessary safety measures against tsunami disasters. A large body of literature has been devoted to st
tsunami. However, the analysis of tsunami, as well as the assessment and prediction of its effects, are difficult and complicate
since the heights and scales of tsunami are greatly affected by the local geographical features.

Takahashi [1] tried to analyze tsunami data with eliminating the influence from the geographical features of coastline geometry
such as a bay or a harbor, etc. Takahashi [1] calculated the propagation of the energy of tsunami, from the historical data c
tsunami, and provide the detailed map of Japan with the amount of energy reached at the 200-m depth contour of the Pacif
Ocean. The amount of energy for every rural areas, prefecture, or narrower area, can be a useful index for planning refuge ar
also for planning breakwaters construction. This approach enables us to assess the dangers of tsunami to compare areas wi
common criterion.

By the way, more than half a century has been passed since the age of Takahashi [1]. The amount of data on geographic
feature and tsunami is much more than that used in Takahashi [1]. The computing resources have also become more power
and faster. Therefore, this research aims to assess the risks of tsunami based on the concept of Takahashi [1], with the upda
statistical data on tsunami until now, the updated geographical data, and more precise calculation with every 1km mesh. Th
result is a more precise quantitative evaluation of the danger of tsunami and can be used to assess the danger of tsunami for ev
point.

Our calculations show that the danger of tsunami is high in the Nankai Trough with its surrounding area and the northern par
of the Tohoku district, compared with other areas. This result is considered to be an effective assessment which shows the danc
for planning refuge and planning institutions.

This research implemented the concept of Takahashi [1] with computers and calculated the energy propagation more precise
than before with the current statistical data of tsunami. Moreover, the danger of tsunami could be computed more exactly usin
more exact geographical feature than that of those days used by Takahashi [1]. The data of the tsunami for 60 years sinc
Takahashi [1] are also added. Since the measure of danger was computed for every 1 km mesh, it may have come to gra
the danger of the tsunami in each area in detail than before. Our approach can follow spreads of tsunami with less computin
resources than detailed simulations and can be effective for preliminary estimations before performing more detailed simulation:

[1] Takahashi, R. (1951). "An estimate of future tsunami damage along the Pacific coast of Japan”, Bull. Earthquake Res. Inst.
Tokyo Univ. 29, 71-95.
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Numerical simulations of tsunami associated with the Sanriku-oki earthquake on Decem
ber 7, 2012

Asami Aokit*, Shoichi Yoshioka, Keisuke Kananb
IGraduate School of Science, Kobe Universi@esearch Center for Urban Safety and Security, Kobe University

An earthquake with magnitude 7.4 occurred off Sanriku on December 7, 2012. According to seismic waveform analysis, this
earthquake consisted of two subevents. The first subevent was reverse fault type (M 7.2) followed by the second normal fau
type subevent (M 7.4), which occurred eight seconds after the first event. Tsunami waveforms generated by the earthqual
were recorded at some tide gauge stations along the Pacific coast of the Tohoku district. In this study, we performed numeric:
simulations of tsunami associated with the earthquake, and compared the results with the observed tsunami waveforms. We us
the fault parameter and epicenter location determined by Japan Meteorological Agency. The slip of the fault plane was assume
to be uniform. Firstly, we calculated tsunami waveforms, by assuming the second subevent alone, which is considered to cor
tribute tsunami waveforms remarkably. The calculated result which was obtained assuming the linear shallow water equation
was compared with tsunami waveform at the Soma tide gauge station operated by the Geospatial Information Authority of Japat
The calculated first tsunami wave turned out to be a backwash, which was the same sense as the observed waveform. Howey
the calculated amplitude was quite large and differed from the observed waveform remarkably. Secondly, assuming the tw
subevents, we performed numerical simulation. Although amplitude became somewhat smaller than that of the above-mentione
result, calculated wave height was rather different from the observed one. The peak of the first waveform of the observed tsunar
was also larger than that of the trough, which was not able to be reproduced by the simulation. When the nonlinear shallov
water equations were assumed, the amplitude of the calculated tsunami became small slightly. However, the feature of the ol
served first waveform was not able to be reproduced. Furthermore, we performed numerical simulations, imposing coseismi
slip distributions on divided small subfaults for the two subevents, which were obtained by Japan Meteorological Agency using
an inversion analysis of seismic waveforms. Although the tsunami wave height calculated by using this model was still larger
than the observed one, the calculated result became close to the observed one. In the calculated results, the amplitude of the p
in the first waveform became larger than that of the trough, which is similar to the observed waveform. We will compare our
simulated results with the observed tsunami waveforms at other tide gauge stations along the Pacific coast of the Tohoku distric

Keywords: 2012 Sanriku-oki earthquake, tsunami, numerical simulation
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